IMAGE READING DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image reading 
device or a scanning device for reading an image of an 
original. 

2. Description of Related Art 

A flat bed type image reading device or scanning device 
has been known. The image reading device includes an 
original stand formed of a transparent glass plate for 
mounting thereon an original, and a scanning unit such as CCD 
(charge coupled device) disposed below the original stand. 
The scanning unit initially stopped is accelerated in an 
image reading direction, and is then moved at a constant 
speed during which an image of the original is read. After 
reading the image, the scanning unit is decelerated and 
stopped at a predetermined position. In other words, an 
acceleration region, an image reading region, and . a 
deceleration region are provided. The acceleration region is 
adapted for running up the scanning unit and is positioned 
upstream of the image reading region where the scanning unit 
is moved at a constant speed. The deceleration region is 
positioned downstream of the image reading region for 
allowing overrunning of the scanning unit. The acceleration 
region and the deceleration region render the resultant 
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scanning device bulky. 

In order to make the scanning device compact, Japanese 
Patent 3,162,788 discloses a technique for reading the image 
even during the acceleration and deceleration of a scanning 
unit. To this effect, in accordance with the image reading 
speed of the scanning unit, the acquired image data is 
magnified or reduced in order to obtain uniform magnification 
of the image data that is read in the acceleration region and 
deceleration region. 

SUMMARY OF THE INVENTION 
However, in order to read the image during acceleration 
and deceleration, a complicated reading control is required, 
and read image quality may be lowered. In this connection, 
generally, image reading during acceleration and deceleration 
of the scanning unit should be obviated as much as possible. 

On the other hand, a conventional image reading device 
or scanning device is provided with high speed reading mode 
with a low resolution in order to meet with the recent high 
speed processing requirement as well as an ordinary reading 
mode with a high resolution. In case of the high speed 
reading mode, image reading is started after the speed of the 
scanning unit reaches high speed, and deceleration is started 
after the constant high speed region. Accordingly, increased 
running up distance and overrunning distance for acceleration 
25 and deceleration are required. 
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Particularly, if high speed reading mode is executed 
with respect to a relatively large sized original such as A3 
size sheet and a legal size sheet, entire device becomes 
bulky due to the provision of the elongated acceleration 
region and elongated deceleration region. 

It is an object of the present invention to overcome 
the above-described problems and to provide a compact image 
reading device capable of performing high speed image 
reading with respect to a large sized original and capable 
of restraining degradation of the read image. 

In order to attain the above and other objects, the 
present invention provides an image reading device. The 
image reading device includes an original mounting portion, 
an original reading unit, a movement control unit, a velocity 
setting unit, and a deceleration-start-position setting unit. 
An original having an image region is placed on the original 
mounting portion. The original reading unit is movable in a 
reading direction for reading the image region. The image 
region has an image region length in the reading direction. 
The movement control unit controls the original reading unit 
to provide an acceleration region where the original reading 
unit accelerates from a halted state to a moving velocity, a 
constant-velocity region where the original reading unit 
maintains the moving velocity, and a deceleration region 
where the original reading unit decelerates from the moving 
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velocity to the halted state. The original reading unit 
reads the image region at least in the constant-velocity 
region. The original reading unit starts to decelerate at a 
deceleration start position that is positioned between the 
constant-velocity region and the deceleration region. The 
velocity setting unit sets the moving velocity of the 
original reading unit based on a specified image reading mode. 
The deceleration-start-position setting unit sets the 
deceleration start position based on the moving velocity set 
by the velocity setting unit. 

The present invention also provides an image reading 
device. The image reading device includes an original 
mounting portion, an original reading unit, a movement 
control unit, a region-length acquisition unit r and a 
deceleration-start-position setting unit. An original having 
an image region is placed on the original mounting portion. 
The original reading unit is movable in a reading direction 
for reading the image region. The image region has an image 
region length in the reading direction. The movement control 
unit controls the original reading unit to provide an 
acceleration region where the original reading unit 
accelerates from a halted state to a moving velocity, a 
constant-velocity region where the original reading unit 
maintains the moving velocity, and a deceleration region 
where the original reading unit decelerates from the moving 
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velocity to the halted state. The original reading unit 
reads the image region at least in the constant-velocity 
region. The original reading unit starts to decelerate at a 
deceleration start position that is positioned between the 
constant -velocity region and the deceleration region. The 
region-length acquisition unit acquires the image region 
length. The deceleration-start -position setting unit sets 
the deceleration start position based on the image region 
length acquired by the region-length acquisition unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 is a perspective view showing a multifunction 

device incorporating an image reading device according to 

embodiments of the present inventions- 
Fig. 2 is a partial perspective view showing the 

multifunction device in which a cover member is pivotally 

open with respect to a main casing; 

Fig. 3 is a cross-sectional view taken along the line 

III-III of Fig. 2; 

Fig. 4 is a block diagram showing a control unit of the 

multifunction device according to the embodiments; 

Fig. 5 is a flowchart showing a reading control routine 

according to a first embodiment of the present invention; 

Fig. 6 is a look-up table showing a set moving 

velocity vm, with or without deceleration reading, number of 
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steps required for deceleration, and required deceleration 
distance Ls for a corresponding mode in each function; 

Fig. 7(a) is a graphical representation showing a speed 
control pattern in case where a set moving velocity Vm is 
less than or equal to a reference velocity Vr; 

Fig. 7(b) is a graphical representation showing a speed 
control pattern in case where the set moving velocity Vm is 
greater than the reference velocity Vr and a sum of an image 
region length Ld and a required deceleration distance Ls is 
less than an absolute length Z; 

Fig. 7(c) is a graphical representation showing a speed 
control pattern in case where the set moving velocity Vm is 
greater than the reference velocity Vr and the sum of the 
image region length Ld and the required deceleration distance 
Ls is greater than the absolute length Z; 

Fig. 8 is a flowchart showing a reading control routine 
according to a second embodiment of the present invention; 

Fig. 9 is a cross-sectional view taken along the line 
III-III of Fig. 2, additionally showing a reference region 
length L4 and a maximum required deceleration distance 
Ls(max) that are used in the second embodiment; 

Fig. 10(a) is a graphical representation showing a 
speed control pattern in case where the image region length 
Ld is equal to a reference region length L4; 

Fig. 10(b) is a graphical representation showing a 

6 



speed control pattern in case where the image region length 
Lei is greater than the reference region length L4; and 

Fig. 10(c) is a graphical representation showing a 
speed control pattern in case where the image region length 
Ld is less than the reference region length L4 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An image reading device according to a first embodiment 
of the present invention will be described with reference to 
Figs- 1 through 7(c). The image reading device 2 of the 
first embodiment is incorporated into a multifunction device 
1 provided with a facsimile function, scanner function, 
copying function, and printing function. Incidentally, 
throughout the specification, the expressions "front", "rear", 
'"above", "below", "left" and "right" are used herein to 
define the various parts when the multifunction device 1 is 
disposed in an orientation in which it is intended to be used. 

As shown in Figs. 1 and 2, a large-scale glass plate 4 
(Fig. 2) for mounting an original is fixed in a horizontal 
state oh an upper surface of a main casing 3 of the 
multifunction device 1, and an operating panel 5 is disposed 
on an upper surface of the main casing 3 in front thereof. 
The operating panel 5 is provided with a numeric keypad 5a 
for executing the facsimile function, the scanner function, 
and the copy functions, buttons 5b for directing various 
operations, and a liquid-crystal panel (LCD) 5c for 
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displaying information such as direction details and errors. 
A main lid cover 7 is pivotally supported by hinges 8 (Fig. 
2) with respect to a rearward edge of the upper surface of 
the main casing 3- A pressing body 7a is provided on an 
under surface of the main lid cover 7. The pressing body 7a 
is formed of sponge or the like and a white plate. 

The image reading device 2 implements the above- 
mentioned scanner function, copy function, and facsimile 
function. As shown in Figs. 2 and 3, the image reading 
device 2 is provided with an image reading unit 9 that moves 
on a lower-surface side with regard to the large-scale glass 
plate 4 in the main casing 3, The large-scale glass plate 4 
has a rectangular form. A guide piece 14 is attached to the 
upper surface near one of shorter edges (edges extending in a 
front-to-rear direction) , so as to extend along the shorter 
edge between longer edges (edges extending in a left-to-right 
direction) . The length of the large-scale glass plate 4 in 
the longitudinal direction (left-to-right direction) is 
divided by the guide piece 14 to form an end glass plate 4a 
that is shorter in a reading direction A (a direction 
indicated by an arrow A in Fig. 3 and same as the left-to- 
right direction), and an original mounting portion 4b that is 
a main glass plate portion that is longer in the reading 
direction A. An original can be mounted statically on the 
original mounting portion 4b. 
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A pair of guide rails 10 is provided in parallel with 
the reading direction A (only one is shown in Figs. 2 and 3) . 
T ne pair of guide rails 10 is disposed on the lower surface 
side of the large-scale glass plate 4. The image reading 
unit 9 includes a line-type CCD element (not shown) that is 
installed in a carriage 9b. The carriage 9b is provided to 
be movable reciprocally on the pair of guide rails 10, and is 
driven and controlled by a transmission means such as a 
timing belt and a step motor 59 (see Fig. 4). As shown in 
Fig- 3, a reading window 9a for receiving light reflected 
from an original surface is formed in the carriage 9b facing 
the original surface. When the image reading unit 9 is in a 
standby state, a center of the reading window 9a is 
positioned at a movement start position S. 

The original placed on the original mounting portion 4b 
is positioned such that an edge portion of the original on an 
upstream side in the reading direction A (left-side edge 
portion) is in contact with a side edge portion on a 
downstream side (right-side edge portion) of the guide piece 
14 , in other words, in contact with an original contact edge 
portion 21. Therefore, when the original is placed on the 
original mounting portion 4b with the surface thereof on 
which an image is formed is directed downward and the 
original is pressed by the pressing body 7a, the image 
reading unit 9 that was halted on the lower-surface side of 
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the glass plate 4a during the standby state moves in the 
reading direction A to pass through the lower-surface side of 
the original mounting portion 4b. During this movement, the 
line-type CCD element reads the image of the original through 
the reading window 9a. The halted image reading unit 9 
accelerates in a running-up (acceleration) section, reads the 
image while moving at a predetermined velocity, then 
decelerates in an overrunning (deceleration) section from a 
deceleration start position to be described later, and comes 
to a halted state again. 

As shown in Fig. 3, a distance LI denotes a distance 
from the movement start position S to a reading start 
position 22. An absolute length Z denotes a distance from 
the reading start position 22 to an absolute halt position 24. 
The absolute halt position 24 is a position that is 
downstream in the reading direction A, by a distance Le, from 
the boundary between the large-scale glass plate 4 and the 
main casing 3. The boundary between the large-scale glass 
plate 4 and the main casing 3 is referred to as a reading- 
direction downstream end portion 23. The reading start 
position 22 is a position at which the image reading unit 9 
starts to read the image of the original in a state in which 
an upstream (left-side) edge of the original is in contact 
with the original contact edge portion 21 of the guide piece 
14. in this embodiment, the upstream edge of the original in 
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contact with the original contact edge portion 21 is the same 
as the reading start position 22. The absolute halt position 
24 is a position at which the image reading unit 9 must halt 
or stop after having read the image region, because if the 
image reading unit 9 moves further in the reading direction A 
the same will come into contact with the wall surface of the 
main casing 3. The image region is a region of the surface 
of the original, which is placed as appropriate on the 
original mounting portion 4b, that ought to be read by the 
image reading unit 9. An image region length Ld is a length 
of the image region in the reading direction A. Since the 
image region is usually the entire original, the image region 
length Ld is equal to the length of the original. However, 
if pre~scanning is performed in accordance with an 
instruction from a personal computer or the like (not shown) , 
and part of the region of the original placed as appropriate 
has been set as the region to be read by the image reading 
unit 9, the image region length Ld is a length from the 
upstream edge of the original in the reading direction A to a 
position immediately downstream of the set image region. In 
this case, "placed as appropriate" means that the original is 
placed on the original mounting portion 4b in a state in 
which the upstream (left-side) edge portion of the original 
is in contact with the original contact edge portion 21 of 
the guide piece 14. 
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Note that the image reading device 2 is capable of 
reading not only an original placed on the original mounting 
portion 4b, but also originals that are supplied 
automatically. More specifically, originals that have been 
stacked in an original tray portion 12 (Fig. 1) of an 
automatic paper supply device 6 provided on one side of the 
upper surface of the main lid cover 7 are separated one sheet 
at a time by paper supply rollers (not shown) incorporated 
within the automatic paper supply device 6. The originals 
are then transferred by feed rollers (not shown) . 
Subsequently, the image reading unit 9 that is stationary or 
in a halted state on the lower surface side of the glass 
plate 4a reads the image on each original sequentially, by 
exposing portions of the original sequentially through an 
opening portion 15 (Fig- 2) that is in opposition to the 
glass plate 4a. The original is subsequently fed along a 
paper delivery path (not shown) within the automatic paper 
supply device 6 by guides of the guide piece 14 , and is 
delivered into a paper delivery tray portion 13 (Fig. 1) . 
The configuration and operation of the automatic paper supply 
device 6 are known in the art and are not directly related to 
explanation of the present embodiment, so further description 
thereof is omitted herein. 

A control unit 50 of the image reading device 2 is 
described with reference to a block diagram of Fig. 4. The 
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control unit 50 controls movement of the image reading unit 9 
and reading of the image region. The control unit 50 is a 
microcomputer including a CPU 51, a ROM 52, a RAM S3, and an 
ASIC (application-specific integrated circuit) 54. In 
addition to the operations described above, the control unit 
50 controls the entire operation of the multifunction device 
1. The CPU 51 executes various calculations and implements 
controls. The ROM 52 stores programs and parameters 
necessary for control by the CPU 51, together with a look-up 
table as shown in Fig. 6. The RAM 53 has a storage region 
53a for storing the read-in image data, a storage region 53b 
for storing various data items such as the size of the 
original (the length of the original in the reading direction 
A) , the image region length, and image reading modes, and a 
flag storage area 53c for storing a value of a flag. The CPU 
51, ROM 52, RAM 53, and ASIC 54 are all connected together by 
a bus 55. 

Note that the data within the above-mentioned look-up 
table is written temporarily to the RAM 53 before being 
utilized in calculations or the like. Data of the distance 
Ll and the absolute length Z are also stored in the ROM 52 
beforehand and written to the RAM 53 before being utilized. 

The control unit 50 further includes a printing device 
56, a panel interface 57 for the operating panel 5 and 
liquid-crystal panel 5c, a drive circuit 58 for driving the 
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step motor 59 that moves the image reading unit 9, the 
automatic paper supply device 6, a parallel interface 60 for 
inputting and outputting image information to and from an 
external personal computer (PC) or the like (not shown), a 
USB interface 61 for inputting and outputting image 
information to and from an external device such as a digital 
camera, a network control unit (NCU) 62 for transferring 
information to and from an external facsimile machine through 
a public line, and a modem 63, all of which are connected to 
the ASIC 54. An external PC could also be connected through 
the USB interface 61, 

A reading control operation by the image reading device 
2 according to the first embodiment will be described with 
reference to a flowchart of Fig, 5. 

In order to issue an image reading instruction, a user 
first specifies the image region length Ld and the image 
reading mode, by operating buttons on the operating panel 5* 
Upon this operation, in Step SI (Step is hereinafter referred 
to as "5") the ASIC 54 performs calculations and references 
the above-mentioned look-up table that is read from the ROM 
52 and stored in the RAM 53. The ASIC 54 sets a set moving 
velocity Vm (mm/sec) of the image reading unit 9 and a 
required deceleration distance Ls. The required deceleration 
distance Ls is a distance that is necessary for the image 
reading unit 9 to reach a halt state from the start of 
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deceleration from the set moving velocity Vm. 

The image reading mode includes modes that correspond 
to the scanner function, the copy function, and the facsimile 
function. As shown in the look-up table of Fig. 6, if the 
scanner function is to be executed and the original is to be 
read as monochromatic data, the resolution (dpi) modes of 
200x200, 300x300, 600x600, and 1200x1200 are available. The 
set moving velocity Vm (mm/sec) corresponding to each mode is 
120, 80, 40, and 20, respectively. 

Similarly, if the reading by the scanner function is to 
be as full-color data, the resolution (dpi) modes of 200x200, 
300x300, 600x600, and 1200x1200 are available. The set 
moving velocity Vm (mm/sec) corresponding to each mode is 72, 
48, 12, and 6, respectively. 

With the copy function, which has one mode, there is 
only one set moving velocity Vm which is 120 (mm/sec) , in 
this example. 

With the facsimile function, the user can select four 
modes (standard mode, fine mode, photograph mode, or 
superfine mode) for sending monochromatic data. The set 
moving velocity Vm (mm/sec) corresponding to each mode is 120, 
120, 120, or 60, respectively. 

If the user has specified the size (the length in the 
reading direction A) of the original itself, the image region 
25 length Ld is equal to the total length of the original. If 
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the user has specified an arbitrary reading region through an 
external device such as an external PC by a pre-scanning 
operation, the image region length Ld is equal to the 
arbitrary reading region- Data on the required deceleration 
distance Ls and the image region length Ld is stored in the 
RAM 53. 

Note that the distance Ll from the movement start 
position S to the reading start position 22, the absolute 
length Z that is the distance from the reading start position 
22 to the absolute halt position 24, and a reference velocity 
Vr are known design values and data for those values is also 
stored beforehand in the RAM 53. The reference velocity Vr 
is the moving velocity of the image reading unit 9 that 
enables the image reading unit 9 to stop without performing 
any deceleration reading. In other words, the image reading 
unit 9 starts deceleration after having read the entire image 
region at a uniform velocity and the image reading unit 9 can 
stop before or at the absolute halt position 24, even if the 
image region has a maximum length. The maximum length is a 
length when an original having a maximum length Lmax that can 
be placed on the original mounting portion 4b and also the 
image region is the entire original. The deceleration 
reading means reading of the image of the original while the 
image reading unit 9 is decelerating from the set moving 
velocity Vm. The deceleration start position is a position 
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at which the image reading unit 9 starts deceleration from 
the set moving velocity Vm to reach a halted state. 

The maximum length Lmax is set to be slightly shorter 
than a distance between the reading start position 22 and a 
reading-direction downstream end portion 23 of the large- 
scale glass plate 4, in order to facilitate removal of the 
original from the original mounting portion 4b. The reading- 
direction downstream end portion 23 is an end portion of the 
original mounting portion 4b that is exposed on the upper 

surface thereof. 

In SI, as described above, when the user specifies the 
image region length Ld and the image reading mode, the ASIC 
54 stores the image region length Ld and the image reading 
mode in the RAM 53. Then, when the start button of the 
operating panel 5 is pressed, the ASIC 54 references the 
look-up table of Fig. 6 and acquires the image region length 
Ld, the set moving velocity Vm, the absolute length Z, the 
reference velocity Vr, and the required deceleration distance 
Ls from the RAM 53. Note that the reference velocity Vr is 
set to 75 (mm/sec) in the present embodiment. 

In S2, the ASIC 54 determines whether or not the set 
moving velocity Vm is greater than the reference velocity Vr. 
If the set moving velocity Vm is greater than the reference 
velocity Vr <S2: YES), in S3 the ASIC 54 determines whether 
or not the absolute length 2, is greater than or equal to a 
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sum of the image region length Ld and the required 
deceleration distance Ls <Z 5 Ld + Ls) . If the ASIC 54 
determines that the absolute length Z is smaller than the sum 
of the image region length Ld and the required deceleration 
distance Ls (S3: NO), in S4 the ASIC 54 stores a value of 1 
in the flag storage area 53c in the RAM 53. If the ASIC 54 
determines that the absolute length Z is greater than or 
equal to the sum of the image region length Ld and the 
required deceleration distance Ls (S3: YES), in S5 the ASIC 
54 stores a value of 0 in the flag storage area 53c. After 
the ASIC 54 has determined the value of the flag in this 
manner, in S6 the drive circuit 58 drives the step motor 59 
and starts the movement (acceleration) of the image reading 
unit 9. 

In S7, the ASIC 54 determines whether or not the moving 
velocity V of the image reading unit 9 has reached the set 
moving velocity Vm. If the moving velocity V has not reached 
the set moving velocity Vm (S7: NO), the image reading unit 9 
continues to accelerate. If the moving velocity V has 
reached the set moving velocity Vm (S7: YES), the ASIC 54 
determines that the moving velocity V of the image reading 
unit 9 is at a predetermined constant moving velocity and 
moves on to S8. In S8, the ASIC 54 determines whether or not 
the distance moved from the halt position of the image 
reading unit 9 is greater than or equal to the distance LI. 
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If the distance moved from the halt position of the image 
reading unit 9 is smaller than the distance LI (S8: NO), the 
image reading unit 9 has not reached the reading start 
position 22 and repeats processing of S8. If the distance 
moved from the halt position of the image reading unit 9 is 
greater than or equai to the distance LI (S8: YES), the image 
reading unit 9 has reached the reading start position 22 and 
thus the reading operation can start. 

In S9, the ASIC 54 determines whether or not the flag 
stored in the flag storage area 53c has a value of 0. When 
the result of S2 is NO, the flag is set to 0 in S5. In other 
words, if the set moving velocity Vm is less than or equal to 
the reference velocity Vr (see Fig. 7(a)), the flag is set to 
0. If a high resolution (600x600 or 1200x1200 dpi) in 
monochrome mode or any resolution in color mode is selected 
for the scanner function, or superfine is selected for the 
facsimile function, for example, the control unit 50 performs 
a low-speed reading operation at a moving velocity slower 
than the reference velocity Vr. In this case, the required 
deceleration distance Ls will naturally be short, as shown in 
Fig- 6. 

On the other hand, if the set moving velocity Vm is 
faster than the reference velocity Vr (S2: YES) and the 
absolute length Z is greater than or equal to the value (Ld 
+ Ls) (S3: YES) , in S5 the ASIC 54 sets the flag to 0. In 



other words, even if the value of the required deceleration 
distance Ls is large in S3, when the image region length Ld 
is short (S3: YES), the control unit 50 performs the reading 
while the image reading unit 9 is moving at a constant 
moving velocity (the set moving velocity Vm) over the entire 
image region length Ld (see Fig. 7(b)). Even if the 
deceleration starts at a position immediately downstream of 
the image region, the image reading unit 9 can stop before 
or at the absolute halt position 24. In this case (when the 
flag is 0), therefore, the control unit 50 performs control 
to start deceleration after the reading operation in S13 
(see Figs. 7 (a) and 7 (b) ) . 

While the image reading unit 9 is moving at the 
constant moving velocity (the set moving velocity Vm) , in 
S10 the ASIC 54 reads the image for one line in a direction 
perpendicular to the reading direction A, in Sll moves to 
the next line, and in S12 determines whether or not the 
distance moved by the image reading unit 9 has exceeded a 
distance (LI + Ld) which is a sum of the distance LI and the 
image region length Ld- This means that the reading center 
of the reading window 9a of the image reading unit 9 has 
passed a position immediately downstream of the image region 
The position immediately downstream of the image region 
means a position immediately downstream of a downstream edge 
(right-side edge) of the image region. In the present 
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embodiment, the image region also includes the downstream 
edge of the image region. If the distance moved by the image 
reading unit 9 has not exceeded the distance (Ll + Ld) (S12: 
NO), the ASIC 54 returns to processing of SlO and repeats 
processing of SlO through S12 until the ASIC 54 completes the 
reading operation of the entire image region. 

If the image reading unit 9 has passed a position 
immediately downstream of the image region (S12: YES), in S13 
the ASIC 54 stops the image reading and also decelerates the 
image reading unit 9 from the set moving velocity Vm. Thus, 
the deceleration start position of S13 approximately matches 
the downstream end of the image region length Ld (the 
downstream edge of the image region) . When the moving 
velocity of the image reading unit 9 reaches 0 (S14: YES), 
the ASIC 54 ends the reading operation. 

As described above, the ASIC 54 sets the flag to 1 in 
S4 when the set moving velocity Vm is faster than the 
reference velocity Vr (S2: YES) and also the absolute length 
Z is shorter than the length (Ld + Ls) (S3: NO), For example, 
as can be seen from the look-up table of Fig. 6, if a low 
resolution {200x200 or 300x300 dpi) in monochrome mode is 
selected for the scanner function, the set moving velocity Vm 
is 120 or 80 (mm/sec) . Similarly, for the copy function and 
each of the standard mode, fine mode, and photograph mode of 
the facsimile function, the set moving velocity Vm is 120 
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(mm/sec) which is faster than the reference velocity Vr (the 
reference velocity Vr is set to 75 mm/sec in this embodiment) . 
The image reading unit 9 must halt at the absolute halt 
position 24 even if the set moving velocity Vzu is fast and 
the image region length Ld is long. Accordingly, when the 
ASIC 54 has determined that the flag is 1 (S9: NO), the ASIC 
54 performs the deceleration reading operation that starts 
from an appropriate position within the image region. 

In S15, the image reading unit 9 reads one line in the 
direction perpendicular to the reading direction A, then in 
S16 moves to the next line. In S17, the ASIC 54 determines 
whether or not the distance moved by the image reading unit 9 
has exceeded a distance (LI + Z - Ls) . If the distance moved 
by the image reading unit 9 is less than or equal to the 
distance (LI + Z - Ls) (S17: NO), the image reading unit 9 
performs the image reading by repeating S15 through S17 while 
moving at the constant moving velocity, that is, the set 
moving velocity Vm. When the distance moved by the image 
reading unit 9 exceeds the distance (LI + 2 - Ls) (S17: YES), 
in S18 the image reading unit 9 performs the operation of 
reading the image in the image region while decelerating the 
image reading unit 9 (deceleration reading operation) . The 
deceleration reading operation is performed while the 
distance moved by the image reading unit 9 has not exceeded a 
distance {Ll + Ld) (S19: NO), and the reading ends when the 
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distance moved has exceeded the distance (Ll + Ld) (S19: YES) . 
However, when the image region length Ld is equal to a length 
that is obtained by subtracting the required deceleration 
distance Ls from the absolute • length Z (Ld = Z - Ls) , the 
image reading unit 9 starts decelerating immediately after 
reading the image of the image region length Ld at the set 
moving velocity Vm. In this case, the image reading unit 9 
can halt at the absolute halt position 24. Thus, the size of 
the image reading unit 9 can be reduced. 

The deceleration reading can be performed by applying 
known techniques. For example, image data with the same 
magnification as the image data obtained during constant 
velocity reading can be obtained by changing the timing at 
which the image reading unit 9 reads each line of the image 
in accordance with the number of steps of the step motor 59 
during the deceleration. 

As shown in Fig. 7 (a) , if the specified image reading 
mode is a low-speed reading mode (if the set moving velocity 
Vm is slower than the reference velocity Vr, such as when 
reading of an original at a high resolution) , the image 
reading device 2 performs the reading operation at a constant 
velocity of the set moving velocity Vm up to a position 
immediately downstream of the image region and the image 
reading device 2 does not perform deceleration reading during 
the subsequent deceleration motion. Not only can a high 



image quality be maintained, the image reading unit 9 can be 
halted accurately before the absolute halt position 24 since 
the required deceleration distance Ls is short. Thus, the 
size of the image reading unit 9 can be reduced. 

Note that, as the specified set moving velocity Vm 
becomes slower, the corresponding required deceleration 
distance Ls becomes shorter- Accordingly, it becomes 
possible to increase the maximum value of the image region 
length Ld that can be read. 

As shown in Fig. 7(b), if the specified image reading 
mode is a high-speed reading mode (if the set moving velocity 
Vm is faster than the reference velocity Vr, such as when 
reading an original at a low resolution) , the image reading 
device 2 performs the reading operation at the constant 
velocity of the set moving velocity Vm up to a position 
immediately downstream of the image region, because the 
maximum value of the image region length Ld satisfies an 
inequality Ld ^ Z - Ls. The image reading device 2 does not 
perform deceleration reading during the subsequent 
deceleration motion. Accordingly, the image reading device 2 
can read the image quickly and also ensures that the image 
reading unit 9 is halted accurately before the absolute halt 
position 24 , thus making the size of the image reading device 
2 smaller. 

As shown in Fig. 7(c), if the specified image reading 



mode is a high-speed reading mode (if the set moving velocity 
Vm is faster than the reference velocity Vr, such as when 
reading an original at a low resolution) and also the image 
region length Ld is large (Ld > Z - Ls), the image reading 
unit 9 reads a large part of the image region while the image 
reading unit 9 is moving at the constant velocity of the set 
moving velocity Vm and then the image reading unit 9 performs 
deceleration reading on a remaining part of the image region. 
In this case, since a high-speed reading (low resolution) 
mode is specified, any deterioration in the image quality due 
to deceleration reading occurs only when reading in the low- 
resolution mode is performed. Hence, the portion with 
deteriorated image quality is not obvious or does not stand 
out- Furthermore, since the image reading unit 9 is halted 
accurately at the absolute halt position 24, the size of the 
image reading device 2 can be made smaller. 

With the image reading device 2 according to the first 
embodiment, it is possible to set the moving velocity of the 
image reading unit 9 automatically provided that the image 
reading mode has been specified, to determine the 
deceleration start position according to each mode including 
image reading of an original that has a large image region or 
high-speed image reading, and to enable the image reading 
unit 9 to halt always before or at the absolute halt position 
24. Accordingly, the image reading device 2 and the 
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multifunction device 1 can be configured in a smaller size. 

The image reading device 2 can automatically determine 
whether the deceleration start position should be a position 
wit hin the image region or a position immediately downstream 
of the image region, based on the image region length Ld and 
a comparison result between the reference velocity Vr and the 
set moving velocity Vm that has been set according to the 
image reading mode when the user specifies the image region 
length Ld. 

The image reading device 2 can maintain a high image 
reading quality because, if the specified image reading mode 
is a high-resolution mode (in other words, a low-speed 
reading mode at the set moving velocity Vm that is slower 
than the reference velocity Vr) , the image reading device 2 
performs the reading at a constant moving velocity up to a 
position immediately downstream of the image region and does 
not perform any reading during the subsequent deceleration 
motion. 

The image reading device 2 is capable of determining 
the required deceleration distance Ls in accordance with the 
set moving velocity Vm- The required deceleration distance 
Ls becomes shorter as the set moving velocity Vm becomes 
slower. Thus, the maximum value of the image region length 
Ld that can be read is increased. 

The imag« reading device 2 has the plurality of modes 
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for the scanner, facsimile, and copy functions. Accordingly, 
the user can quickly obtain read data of a desired image 
quality, simply by specifying each mode for the various 
functions. 

An image reading device according to a second 
embodiment of the present invention will be described with 
reference to Figs. 8 through 10(c), wherein like parts and 
components are designated by the same reference numerals to 
avoid duplicating description. 

in the above-described first embodiment, the ASIC 54 
sets the deceleration start position based on both the set 
moving velocity Vm corresponding to each reading mode and the 
image region length Ld, and determines whether or not the 
deceleration- reading operation should be performed. In the 
second embodiment, the ASIC 54 sets the deceleration start 
position based on the image region length Ld, and determines 
whether or not the deceleration reading operation should be 
performed. 

In S30 of a flowchart of Fig. 8, when the user has 
specified the image region length Ld based on the size of the 
original and a range of the image region specified during a 
pre-scanning operation, the ASIC 54 stores the image region 
length Ld in the RAM 53. Subsequently, when the user has 
pressed the start button on the operating panel 5, the ASIC 
54 acquires the image region length Ld, the set moving 
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velocity Vm, the absolute length Z, a maximum required 
deceleration distance Ls(max), and a reference region length 
L4 from the RAM 53 with reference to the above-described 

look-up table. 

As shown in Fig. 9, the reference region length L4 is a 
length obtained by subtracting the maximum required 
deceleration distance Ls(max) from the absolute length Z. 
The maximum required deceleration distance Ls (max) is the 
required deceleration distance Ls when the image reading unit 
9 moves at a maximum moving velocity. In other words, the 
reference region length L4 is given by an equation L4 = Z - 
Ls (max) . The maximum moving velocity is the maximum of the 
moving velocities of the image reading unit 9 that correspond 
to a plurality of image reading modes in the scanner function, 
the copy function, and the facsimile function. With the 
present embodiment, as shown in the look-up table of Fig. 6, 
the set moving velocity Vm of 120 (mm/sec) is the maximum 
moving velocity, and the required deceleration distance Ls in 
that case is 6.816 mm. Thus, the maximum required 
deceleration distance Ls (max) is 6.816 mm. The maximum set 
moving velocity Vm and the maximum required deceleration 
distance Ls(max) are stored beforehand in the RAM 53. Note 
that the absolute length Z is the distance from the reading 
start position 22 to the absolute halt position 24, as in the 
first embodiment. 
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In S31, the ASIC 54 determines whether or not the image 
region length Ld is greater than or equal to the reference 
region length L4. If the image region length Ld is greater 
than or equal to the reference region length L4 (S31: YES), 
the ASIC 54 determines that the deceleration reading 
operation is necessary, and in S32 the ASIC 54 stores a value 
of 1 in the flag storage area 53c of the RAM 53. If the 
image region length Ld is shorter than the reference region 
length L4 (S31: NO), the ASIC 54 determines that the 
deceleration reading operation is not necessary, and in S33 
the ASIC 54 stores a value of 0 in the flag storage area 53c 
of the RAM 53. After the ASIC 54 has set the value of the 
flag in this manner/ in S34 the ASIC 54 starts the movement 
(acceleration) of the image reading unit 9 by controlling the 
drive circuit 58 to drive the step motor 59. 

In S35, the ASIC 54 determines whether or not the 
moving velocity V of the image reading unit 9 has reached the 
set moving velocity Vm. If the moving velocity V has not 
reached the set moving velocity Vm (S35: NO), the image 
reading unit 9 continues to accelerate. If the moving 
velocity V of the image reading unit 9 has reached the set 
moving velocity Vm (S35: YES) , the ASIC 54 advances to S36. 
In S36, the ASIC 54 determines whether or not the distance 
moved from the halt position is greater than or equal to LI, 
in other words, whether the image reading unit 9 has reached 
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the reading start position 22. If the image reading unit 9 
has not reached the reading start position 22 (S36: NO), the 
ASIC 54 repeats processing of S36. If the image reading unit 
g has reached the reading start position 22 (S36: YES), the 
ASIC 54 advances to S37. 

In S37, the ASIC 54 determines whether or not the flag 
stored in the flag storage area 53c is 0. If the flag has a 
value of 1 (S37: NO), the deceleration reading operation is 
necessary. As shown in Figs. 10(a) and 10(b), two cases can 
be considered when the deceleration reading operation is 
necessary. One case is when the image region length Ld is 
equal to the reference region length L4, as shown in Fig. 
10(a). Another case is when the image region length Ld is 
longer than the reference region length L4, as shown in Fig. 
15 10(b)- 

In these cases, in S3 8 the ASIC 54 reads the image for 
one line in the direction perpendicular to the reading 
direction A, and in S3 9 moves to the next line. In S4 0, the 
ASIC 54 determines whether or not the distance moved by the 
image reading unit 9 has exceeded a distance (LI + Z - Ls) . 
If the distance moved by the image reading unit 9 is less 
than or equal to the distance (Ll + Z - Ls) (S40: NO), the 
image reading unit 9 repeats the image reading <S38 and S39) 
while moving at the constant moving velocity, that is, at the 
set moving velocity Vm. If the distance moved by the image 
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reading unit 9 is greater than the distance (LI + Z - Ls) 
(S40: YES), the image reading unit 9 starts the deceleration 
reading operation in S41. In other words, the image reading 
unit 9 performs the operation of reading the image within the 
image region while decelerating. In S42, the ASIC 54 
determines whether or not the distance moved by the image 
reading unit 9 is greater than the distance (LI + Ld) . The 
ASIC 54 performs the deceleration reading operation while the 
distance moved by the image reading unit 9 is shorter than or 
equal to the distance (LI + Ld) (S42 : NO) - When the distance 
moved by the image reading unit 9 exceeds the distance (Ll + 
Ld) (S42: YES) , in S43 the reading operation ends. However, 
when the image region length Ld is equal to the reference 
region length L4 (Ld = L4), the image reading unit 9 simply 
performs image reading of the image region length Ld while 
moving at the set moving velocity Vm, then starts 
decelerating at a position immediately downstream of the 
image region. 

Accordingly, even if the image region length Ld is 
greater than or equal to the reference region length L4, the 
image reading unit 9 can stop accurately at the absolute halt 
position 24 by performing the deceleration reading operation. 
Hence, the image reading device 2 can be made in a compact 
configuration. 

On the other hand, as shown in Fig. 10(c), if the flag 
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is 0 (that is, if the image region length Ld is shorter than 
th e reference region length L4> , the image reading device 2 
does not perform the deceleration reading operation. Thus, 
in S4 5 the ASIC 54 reads the image for one line in the 
direction perpendicular to the reading direction A, while the 
ima ge reading unit 9 is moving at the constant moving 
velocity, that is, at the set moving velocity Vm. In S46, 
the image reading unit' 9 moves to the next line. In S47, the 
ASIC 54 determines whether or not the distance moved by the 
image reading unit 9 has exceeded the distance (LI + Ld) . 
The definitions of "distance moved exceeds the distance (LI + 
L d) " and "immediately downstream of the image region" are the 
same as in the first embodiment. If the distance moved by 
the image reading unit 9 is shorter than or equal to the 
distance (LI + Ld) (S47: NO), the ASIC 54 returns to S45 and 
repeats processing of S45 through S47 until the reading 
operation of the entire image region ends. 

If the distance moved by the image reading unit 9 is 
greater than the value (LI + Ld) (S47: YES), in other words, 
if the image reading unit 9 has passed a position immediately 
downstream of the image region, in S48 the ASIC 54 ends the 
image - reading and controls the i~~gc reading unit 0 to 
decelerate from the set moving velocity Vm. Thus, the 
deceleration start position of S4 8 approximately matches the 
downstream end of the image region length Ld. 
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As described above, the control process according to 
the second embodiment is simple because the ASIC 54 
determines whether or not the deceleration reading operation 
is to be performed by checking only the image region length 
Ld that has been specified by the user. The reading velocity 
for the image reading device 2 is fixed for each of the 
plurality of reading modes. Thus, if the image region length 
Ld is shorter than the reference region length L4, the image 
reading operation is performed while the image reading unit 9 
is moving at a fixed or constant moving velocity. If the 
image region length Ld is greater than or equal to the 
reference region length L4, the control unit 50 controls the 
image reading unit 9 to halt accurately at the absolute halt 
position 24 by performing the deceleration reading operation 
from a position within the image region, enabling a smaller 
image reading device 2 . 

The image reading device 2 according to the second 
embodiment performs the deceleration reading operation 
whether in a high-speed reading (low resolution) mode or a 
low-speed reading (high resolution) mode, regardless of the 
resolution specified by the user. Accordingly, the image 
reading device 2 can be made even smaller. 

The image reading device 2 can determine the 
deceleration start position automatically at either a 
position within the image region or a position immediately 
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downstream of the image region in the reading direction A 
based on the image region length Ld, by specifying only the 
length of the image region that is to be read. Thus, the 
image reading unit 9 can halt always before or at the 
5 absolute halt position 24 , making the entire device smaller. 

The image reading device 2 ensures that the image 
reading unit 9 halts accurately at the absolute halt position 
24 when the image region length Ld is greater than or equal 
to the reference region length L4, thus enabling a smaller 

10 reading device. 

On the other hand, the image reading unit 9 decelerates 
from a position immediately downstream of the image region 
when the image region length Ld is shorter than the reference 
region length L4, thereby enabling an absolute halt within a 

15 short distance. 

With the image reading device 2 according to the second 
embodiment, the deceleration start position of the image 
reading device 2 is set to a fixed position, thereby 
simplifying the control processing. 

20 In addition, the reference region length L4 can be 

determined simply from the maximum moving, velocity of the 
image reading unit 9. 

Further, the image reading device 2 performs 
deceleration reading from the deceleration start position up 

25 to a position immediately downstream of the image region only 
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when the deceleration start position is set to within the 
image region. In other words, deceleration reading is 
performed only when necessary. Accordingly, deterioration in 
image quality does not stand out. 

While the invention has been described in detail with 
reference to the specific embodiment thereof , it would be 
apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 
the spirit of the invention. 
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